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Abstract
Female athletes have a four-to-six times greater risk of sustaining a lower
extremity injury than their male counterparts (Hewett, 2000). One explanation for the
discrepancy in injury rates is increased dynamic knee valgus angles caused by
neuromuscular imbalances of the lumbopelvic hip complex (LPHC). The purpose of this
study was to determine if implementing a LPHC conditioning program improved
neuromuscular deficiencies. Seven female collegiate tennis players competitive at the
NCAA Division I level volunteered for the study (19.7 + .95 years, 167.3 + 7.4 cm, and
60.72 kg + 6.71 kg). The subjects participated in a 16 week LPHC conditioning program
with the goal of increasing muscle activation and decreasing dynamic knee valgus.
Manual muscle tests were performed and recorded via Noraxon 1400L sEMG. Dynamic
knee valgus was evaluated by the Tuck Jump Assessment and Functional Movement
Screen (FMS). Data were collected prior to and at the end of the intervention. Statistical
analyses were performed using SPSS 15.0 and paired sample t-tests were used on the
data. Significant improvements were seen in the Tuck Jump Assessment (p= .004). FMS
scores did not improve statistically, but clinically significant improvements were
observed. Subjects did not train for the Tuck Jump Assessment; therefore it appears the
conditioning program assisted in correcting neuromuscular deficits, which may indicate
increased dynamic control of the knee (Ford et al., 2003).
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Chapter 1: Introduction
Female athletes who participate in cutting and jumping sports are four-to-six
times more likely to sustain a knee injury than their male counterparts (Hewett, 2000).
This discovery has received a substantial amount attention over the past years in attempt
to explain the high rate of knee injuries. Hewett (2000) has found three factors that may
contribute to the high injury occurrence in female athletes: anatomical, hormonal, and
neuromuscular control differences.
Anatomical differences that have been studied include the quadriceps angle (Qangle) and femoral notch widths. However, solely attributing the high incidence of knee
injuries to anatomical differences is contradictory. If the injury causal factor was
anatomical, then injury prevention intervention would be irrelevant. The second factor
which may contribute to high injury occurrence in female athletes is related to hormonal
changes which occur during menstruation. However, as with anatomical differences,
hormone levels cannot be manipulated (Hewett, 2000). Therefore, according to Hewett
(2000), neuromuscular control is the only factor which can be manipulated to decrease
knee injury risks in female athletes.
Thus, a number of studies have addressed the differences in neuromuscular
control between males and females because opportunities exist for intervention
(Chappell, Yu, Kirkendall, & Garrett, 2002; Hewett, Myer, & Ford, 2004). It has been
identified that female athletes exhibit greater dynamic knee valgus than their male
counterparts (Chappell et al., 2002). Dynamic knee valgus is a detrimental position for
the lower limb in which the knee collapses medially in response to forces generated by
activities such as jumping or pivoting (Krosshaug et al., 2007). The amount of dynamic
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knee valgus observed during an athletic movement suggests the athlete’s inability to
control the forces due to a lack of neuromuscular control (Ford, Myer, & Hewett, 2003.
Therefore, one explanation for increased injury rates in female athletes is increased
dynamic knee valgus which can be caused by a lack of neuromuscular control.
The lumbopelvic hip complex is one area in which decreased neuromuscular
control can cause dynamic knee valgus (Kibler, Press, & Sciascia, 2006; Zazulak,
Hewett, Reeves, Goldberg, & Cholewicki, 2007; McMullen & Uhl, 2000). The
lumbopelvic hip complex is central to almost all kinetic chain movements; therefore,
lumbopelvic hip complex stability and muscle activation are necessary to control the
forces transmitted through the body and to maximize the efficiency of all upper and lower
extremity movements (Kibler et al., 2006). If the lumbopelvic hip complex is not
functioning properly, then trunk and hip positions can be altered. Such alterations of the
trunk and hip position have been associated with increased dynamic knee valgus and
decreased shoulder function (Kibler et al., 2006; Zazulak et al., 2007; McMullen & Uhl,
2000).
Fortunately, dynamic knee valgus can be improved with neuromuscular training
which focuses on lumbopelvic hip complex activation (Myer, Ford, Khoury, Succop, &
Hewett, 2010; Chappell & Limpisvasti, 2008). Such training programs help to
“preprogram” safer movement patterns in order to deal with the stresses of landing,
pivoting, or unexpected loads during sport movements (Hewett et al., 2005).
Purpose
Since decreased lumbopelvic hip complex stability has been associated with
increased dynamic knee valgus at the knee, the purpose of this study was to determine if
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a lumbopelvic hip complex conditioning intervention program improves neuromuscular
control of the lower extremity as evaluated by two traditional movement screens (Tuck
Jump Assessment and Functional Movement Screen) and manual muscle testing.
Hypotheses
1. There would be improvement in Tuck Jump Assessment scores, as measured by
decreases in scores, after the lumbopelvic hip complex conditioning intervention
program.
2. There would be improvement in FMS scores, as measured by increases in scores,
after the lumbopelvic hip complex conditioning intervention program.
3. There would be improvement in the quality of movement during on the FMS, as
measured by increases in scores on the modified FMS scoring sheet, after the
lumbopelvic hip complex conditioning intervention program.
4. There would be an increase in muscle activation at the end of the lumbopelvic hip
complex conditioning intervention program as measured by sEMG of manual muscle
testing.
Definitions
Lumbopelvic hip complex stability: As defined by Kibler et al. (2006, p. 1124),
lumbopelvic hip complex stability “is the ability to control the position and motion of the
trunk over the pelvis and leg to allow optimum production, transfer, and control of force
and motion to the terminal segment in integrated kinetic chain activities.”
Dynamic knee valgus: As defined by Hewett et al. (2005), dynamic knee valgus includes
valgus knee angles and moments and is the position of the distal femur toward and distal
tibia away from the midline of the body.
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Lumbopelvic hip complex conditioning intervention program: The lumbopelvic hip
complex conditioning program consisted of six minutes of body weight exercises (flying
squirrel, front plank, side plank, clams, hip abduction, birddog, advanced birddog, pelvic
tilt, push-ups, and superman) three to four days a week for three months during preseason and three months during in-season. (see Appendix A)
Neuromuscular control (at the knee): “The activation of the dynamic restraints
surrounding a joint in response to sensory stimuli” (Myer, Ford, & Hewett, 2008, p. 68).
Tuck Jump Assessment: The Tuck Jump Assessment is a clinician-friendly tool with high
intrarater reliability (R=.83) which adequately identifies landing flaws which may occur
during a plyometric activity. Performance on the assessment is measured by the Tuck
Jump Assessment scoring sheet (Myer et al., 2008). (see Appendix B)
Functional Movement Screen: The functional movement screen (FMS) is utilized to
evaluate a person’s ability to perform a variety movements and positions closely related
to normal growth and development. The FMS is a series of seven tests scored on an
ordinal scale with four categories (Minick, Kiesel, Burton, Taylor, Plisky, & Butler,
2010). (see Appendix C)
Modified Functional Movement Screen Scoring Sheet: The modified FMS scoring sheet
was developed by the researcher in order to account for improvements in the quality of
movement on the FMS not reflected in the original FMS scoring sheet. (see Appendix D)
Manual muscle test: Manual muscle tests were be performed on the gluteus medius,
gluteus maximus, rectus femoris, vastus medialis oblique, medial hamstrings, biceps
femoris, tensor fascia lata, and hip adductors according to procedures outline by Clarkson
(2000).
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Delimitations
Subjects were female tennis players who were competitive at the National
Collegiate Athletic Association (NCAA) Division I level. Eight muscle groups (gluteus
medius, gluteus maximus, rectus femoris, vastus medialis oblique, medial hamstrings,
biceps femoris, tensor fascia lata, and hip adductors) were measured during a maximal
voluntary isometric contraction (MVIC). The subjects were also evaluated by means of
the FMS and Tuck Jump Assessment. Data was collected during the pre-season and
during the competitive season.
Limitations
One limitation of the study was using a convenient sample due to the low number
of subjects. However, because of time restrictions the sample was selected because it was
readily accessible. Throughout the course of the intervention, subjects took part in a
weight lifting and conditioning program. Participation in these programs could have
influenced outcomes of the study. This variable was foreseen but unable to be eliminated.
An unforeseen variable was the inconsistent nature of practice schedules and subject
attendance. As a result, the intervention was not adhered to strictly. However,
intervention sessions were documented along with the number of subjects present.
Another limitation to the study was that the intervention period was interrupted by a two
month winter break. Therefore, in order to determine if the intervention had had any
effect, data was collected prior to the break. By this point, the intervention had been
implemented for six weeks. During the mid-point data collection, a majority of the
subjects were suffering from delayed onset muscle soreness (DOMS). Unfortunately, this
was the only date available for data collection prior to the break and the DOMS could
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have negatively influenced the data. Therefore, the mid-season data were thrown out.
However, the final data collection occurred when the subjects were less fatigued and able
to perform at their maximum capacity.
Significance
A significant relationship between the lumbopelvic hip complex conditioning
intervention program and scores on the movement screen and/or Tuck Jump Assessment,
would allow athletes and associated sports personnel (coaches, athletic trainers, strength
coaches, etc) the implementation of an appropriate strengthening program for athletes at
risk of sustaining a knee injury. Ideally, after implementing such a program, athletes
would be less at risk for knee injury.
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Chapter 2: Literature Review
Dynamic knee valgus
Dynamic knee valgus is a detrimental position for the lower extremity in which
the knee collapses medially in response to excessive valgus forces and/or internal
rotation, such as landing from a jump or pivoting (Krosshaug, et. al, 2007). Such a
position increases ground reaction forces transmitted through the knee, places more stress
on the ACL, and in turn increases risks of sustaining a knee injury (Ferris, Abt, Sell,
Meyers, & Lephart, 2004; Myer, Ford, & Hewett, 2004; Cowley, Ford, Myer, Kernozek,
& Hewett, 2006; Hewett et al., 2005). Dynamic knee valgus is composed of both valgus
angles and valgus moments at the knee. Valgus angles at the knee are created by the
position of the femur towards the body’s midline and the position of the tibia away from
the body’s midline. Varying lower extremity movements contribute to the valgus angle
including femoral adduction, femoral internal rotation, knee abduction, tibial external
rotation, and ankle eversion (Hewett et al., 2005).
The amount of dynamic knee valgus observed during an athletic movement
suggests the athlete’s inability to control the ground reaction forces by means of
neuromuscular control (Ford et al., 2003). In other words, the greater the amount of
dynamic knee valgus, the greater the chances are that the athlete lacks the muscular
control necessary to absorb the forces generated by the athletic movement. Chappell et al.
(2002) has shown that female athletes tend to exhibit greater dynamic knee valgus than
their male counterparts. This finding appears to correlate with the four-to-six fold
increase in knee injury rates in female athletes who participate in cutting and jumping
sports when compared to males in the same sports (Hewett, 2000). Therefore, one
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explanation for increased injury rates and dynamic knee valgus seen in female athletes is
neuromuscular development.
Causes of dynamic knee valgus
neuromuscular development.
Differences in neuromuscular development may help explain females’ tendencies
to land with more dynamic knee valgus than their male counterparts. Before puberty,
males and females function similarly at the knee. However, during maturation changes in
weight, height, and bone length affect males and females differently. As males grow,
their strength and neuromuscular control increase in order to control their new, larger
body. Females on the other hand, experience the same growth spurt structurally, but lack
the accompanied neuromuscular spurt (Hewett, et. al, 2004).
One study assessed the neuromuscular differences in landing techniques between
males and females. The study utilized 181 middle school and high school soccer and
basketball players, 100 females and 81 males. Subjects were evaluated on medial knee
motion and lower-extremity valgus angles. The scores were compared between males and
females according to their maturation stage. It was found that females in their late or
post-pubertal stage of growth produced greater medial knee movement and had greater
lower extremity valgus angles upon initial contact and maximal landing than males in the
same growth stage. Additionally, as females matured their lower extremity valgus angles
increased (Hewett et al., 2004).
Schmitz, Shultz, and Nguyen (2009) reported similar results when they assessed
157 young athletes, 78 females and 79 males, and their performance on drop-jump
landings and single-leg triple-hop tests. It was revealed that as males matured they
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demonstrated less dynamic knee valgus alignment; whereas when females matured they
demonstrated increased dynamic knee valgus alignment. In addition to neuromuscular
deficits, decreased lumbopelvic hip complex activation has also been associated with
increased dynamic knee valgus (Kibler et al., 2006).
lumbopelvic hip complex activation.
Knee injuries are commonly associated with decreased neuromuscular control of
the lumbopelvic hip complex resulting in alterations of hip and trunk position (Zazulak et
al., 2007). Such alterations in muscle activation have been associated with increased hip
varus, hip flexion, and knee valgus during jumping or landing activities (Kibler et al.,
2006). Therefore, in order to control hip and trunk position and limit dynamic knee
valgus, the musculature surrounding the hip and pelvis must be functioning properly.
Such musculature is commonly referred to as the core and is composed of muscles which
lie anterior, posterior, medial, and lateral to the hips and trunk; more common muscles of
the trunk include the transverse abdominus, internal and external obliques, rectus
abdominus, multifidi, diaphragm, quadrates lumborum, pelvic floor, and glutei. The
lumbopelvic hip complex is central to almost all kinetic chain movements; therefore,
lumbopelvic hip complex stability and lumbopelvic hip complex muscle activity are
necessary to control the forces transmitted through the body and to maximize the
efficiency of all upper and lower extremity movements (Kibler et al., 2006).
As a part of the lateral and posterior aspect of the lumbopelvic hip complex, the
gluteus medius actively abducts the hip and causes resistance to hip adduction. Activation
of the gluteus medius is theorized to decrease dynamic knee valgus at the knee by
resisting medial movement of the femur. It has been reported that athletes who sustained
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a lower extremity injury over the course of a season demonstrated significant weakness in
hip abduction and external rotation prior to injury when compared to athletes who did not
sustain an injury (Leetun, Ireland, Willson, Ballantyne, & Davis, 2004). Therefore, one
explanation for increased dynamic knee valgus in females is decreased activation of the
gluteus medius (Ferris et al., 2004; Hart, Garrison, Kerrigan, Boxer, & Ingersoll, 2004).
The role of the gluteus medius in dynamic knee valgus is further supported in a
study which assessed the differences in gluteus medius activation between males and
females. Sixteen Division I NCAA varsity soccer players, eight females and eight males,
performed one-legged forward jumps with surface electromyography (sEMG) which
collected values for the gluteus medius and other musculature. The study concluded that
gluteus medius sEMG values were significantly higher in males than females, indicating
that the males activated their gluteus medius significantly more than the females during
the forward jumps (Hart et al., 2004).
Furthermore, a study conducted by Ferris et al. (2004) suggested knee function is
influenced by the neuromuscular characteristics of the pelvis and hip. The study tested 40
high school basketball players, 20 female and 20 male, by measuring hip abductors, hip
external rotators, and evaluating a vertical stop-jump task. The results found that
decreased hip abduction strength predicted increased knee valgus moments. Additionally,
females demonstrated significantly less hip external rotation strength and greater medial
hamstring muscle activation prior to initial contact than males (Ferris et al., 2004). The
significance of the Ferris et al. (2004) study was that it positively correlated weak hip
abductors (gluteus medius) with increased dynamic knee valgus and demonstrated the
neuromuscular difference between males and females. Along with neuromuscular
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development and lumbopelvic hip complex activation, hamstring and quadriceps
coactivation patterns also contribute to dynamic knee valgus.
hamstring & quadriceps activation.
The hamstrings are a posterior lower extremity muscle group which extend across
the hip and the knee. The quadriceps are an anterior lower extremity muscle group which
also extend across the hip and the knee. The hamstrings perform knee flexion, restrain
anterior tibial translation, and compress the knee joint. The quadriceps have the opposite
function and are antagonist to the ACL. Coactivation of the hamstrings and quadriceps is
suggested to protect the knee against excessive anterior tibial translation, knee abduction,
and dynamic knee valgus at the knee (Besier, Lloyd, & Ackland, 2003). These actions
reduce the load on the anterior cruciate ligament (ACL); therefore, the hamstrings act as
an agonist to the ACL. The ratio of hamstrings to quadriceps activation has been
repeatedly studied with findings indicating that athletes with neuromuscular imbalances
and reduced coactivation patterns appear to have an increased risk of ligament damage
(Hewett, 2000).
In a study which assessed hamstring activation during landing between male and
female athletes, results indicated that male athletes demonstrated external extension
moments at landing (reflective of hamstring activity) which were three times higher than
females. The increased hamstring involvement may be a protective mechanism which
counteracts the forces placed on the ACL upon landing (Hewett, Stroupe, Nance, &
Noyes, 1996). It has been suggested that hamstring strength should be 80-100% of
quadriceps strength at high speeds and that hamstring to quadriceps ratios below 60%
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may predisposes an athlete to ACL injury (Dunnam, Hunter, Williams, & Dremsa, 1988;
Davies, 1984).
In addition to decreased hamstring activation, female athletes appear to contract
their quadriceps before their hamstrings in response to anterior tibial translation. A study
by Huston and Wojtys (1996) attempted to identify possible neuromuscular factors which
predispose athletes to knee injuries. The study utilized four subject groups: elite female
athletes, elite male athletes, and sex-matched non-athlete controls. Subjects were
evaluated on a number of factors including an anterior tibial translation stress test. The
findings indicated that the elite female athletes contracted their quadriceps first in
response to the stress test, whereas the other three groups contracted their hamstrings first
in response to the stress test (Huston & Wojtys, 1996). The elite female muscle
recruitment pattern is detrimental since the quadriceps are antagonistic to the ACL; the
proper recruitment pattern would be hamstrings first and quadriceps second.
Effects of dynamic knee valgus
Knee valgus torques increase anterior tibial translation and increase forces placed
on the ACL (Lloyd, 2001; Lloyd & Buchanan, 2001; Fukuda et al., 2003). In fact,
computer models have shown that valgus moments at the knee are high enough to rupture
the ACL (Pflum, Shelburne, Torry, Decker, & Pandy, 2004). Furthermore, research has
demonstrated a link between valgus loading and increases in ACL strains (Fukuda et al.,
2003).
Hewett et al. (2005) conducted a prospective study which evaluated valgus
loading of the knee as a predictor of ACL injury risk in female athletes. The study found
that athletes who sustained ACL injuries demonstrated altered neuromuscular control

13
techniques compared to the non-injured athletes when performing jump-landing
movement tasks. More specifically, the injured athletes exhibited significant increases in
dynamic knee valgus and knee abduction motion and moments before sustaining their
injuries when compared to uninjured athletes. Therefore, it is likely the increase in
dynamic knee valgus, observed in the injured group, contributed to the mechanism of
injury of the ACL. Furthermore, valgus angels and moments were the primary predictors
of ACL injury risk (Hewett et al., 2005).
This observation is supported by previous research in which valgus knee torques
were the sole predictors of peak landing forces (Hewett, et. al, 1996). These findings
suggest that decreased neuromuscular control, represented by increased dynamic knee
valgus and increased external knee abduction moments, can predict an increased risk of
ACL injury in a large percentage of individuals (Hewett et al., 2005). Such findings are
further supported by another study in which video coverage of actual injuries was
evaluated. The video footage was collected from high school, collegiate and professional
basketball games. Thirty-nine ACL injuries were evaluated and females were found to
have a 5.3 times higher risk of sustaining a valgus collapse mechanism of injury than
males (Krosshaug, et. al, 2007).
Dynamic knee valgus not only affects the knee but also the shoulder. The body
functions as a kinetic chain in which a series of segments work in a proximal-to-distal
sequence to create motion at the distal segments. This concept describes sport movements
as involving the entire body as opposed to isolated events which occur at individual
joints. It is believed that in order to have efficient motions at the distal segments,
momentum and velocity must be generated proximally and transmitted distally. Such
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proximal structures include the legs and lumbopelvic hip complex. It has been shown that
maximal activation of the lumbopelvic hip complex is necessary to provide stability for
the shoulder girdle. More specifically, for shoulder elevation there must be ipsilateral hip
extension, lumbopelvic hip complex activation, thoracic extension, and scapular
retraction prior to arm elevation. Each motion builds upon the other; therefore, if the
lumbopelvic hip complex is not being activated, then it may result in not only dynamic
knee valgus but also decreased shoulder motion (McMullen & Uhl, 2000).
Correcting dynamic knee valgus
neuromuscular training.
Female athletes who demonstrate high knee abduction moments during landing
are at increased risk for ACL injury and are more likely to benefit from neuromuscular
training aimed at correcting this risk factor (Myer et al., 2010). It is suggested that
athletes may decrease their injury risk if they are able to adopt or “preprogram” safer
movement patterns in order to deal with the stresses of landing, pivoting, or unexpected
loads during sports movements (Hewett et al., 2005). Technique and neuromuscular
training have been shown to correct jumping and landing techniques resulting in
significantly reduced abduction moments at the knee; such training has been
demonstrated to decrease the number of ACL injuries in female populations (Hewett,
Lindenfeld, Riccobene, & Noyse, 1999).
As stated previously, a decreased activation of the musculature of the lumbopelvic
hip complex is suggested to contribute to knee injuries because the person is unable to
control the position of the trunk in relation to the knee (Zazulak et al., 2007). Thus,
female athletes who participate in cutting and jumping sports should implement a
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neuromuscular training program which focuses on increasing the muscular activity of the
lumbopelvic hip complex. Chappell and Limpisvasti (2008) tested this theory in their
study which evaluated subjects’ dynamic knee valgus moment during stop jump tasks
before and after a neuromuscular training program with lumbopelvic hip complex
strengthening and plyometric training. The study found that dynamic knee valgus
moments during the stance phase of stop jump tasks decreased after completion of the six
week training program (Chappell & Limpisvasti, 2008). Therefore, female athletes who
are at risk for knee injuries should implement a neuromuscular training program in order
to limit their chances of sustaining an injury.
Evaluating dynamic knee valgus
Tuck Jump Assessment.
One way to evaluate dynamic knee valgus at the knee is to analyze landing
techniques through dynamic plyometric jumping activities. One type of dynamic jump
assessment is the Tuck Jump Assessment (Myer et al., 2008). The Tuck Jump
Assessment is a clinician-friendly tool with a high intrarater reliability (R=.83) which
adequately identifies landing flaws which may occur during a plyometric activity. It is
also a repeatable assessment that may be used as a pre-test and post-test for the study
(Myer et al., 2008).
Functional Movement Screen.
Another assessment which evaluates dynamic knee valgus is the Functional
Movement Screen (FMS). It is a series of seven fundamental movement patterns
commonly associated with athletic movements: deep squat, hurdle step, in-line lunge,
shoulder mobility, active straight leg raise, push up, and rotary stability. The FMS is
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utilized to evaluate a person’s ability to perform a variety movements and positions
closely related to normal growth and development. The FMS is a series of seven tests
scored on an ordinal scale with four categories. The FMS has been found to be
confidently applied by trained individuals to assess movement patterns of athletes
(Minick et al., 2010). Therefore, this study will utilize the FMS as an additional tool to
quantitatively assess biomechanics.
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Chapter 3: Procedures
Female athletes have a four-to-six times greater risk of sustaining a lower
extremity injury than their male counterparts (Hewett, 2000). One explanation for the
discrepancy in injury rates is increased dynamic knee valgus angles caused by
neuromuscular imbalances. It has been suggested that female athletes have decreased
activation of the lumbopelvic hip complex, a muscle group which is necessary to control
the forces transmitted through the body in order to maximize efficiency of all upper and
lower body movements (Kibler et al., 2006). Fortunately, dynamic knee valgus can be
improved with neuromuscular training which focuses on activation of the lumbopelvic
hip complex. (Myer et al., 2010; Chappel & Limpisvasti, 2008). Therefore, the purpose
of this study was to determine if implementing a lumbopelvic hip complex conditioning
program improved neuromuscular deficiencies as measured by manual muscle testing,
Tuck Jump Assessment scores, and FMS scores. The study was an experimental single
group pretest/posttest design in which manual muscle tests, Tuck Jump Assessment
scores, and FMS scores were collected. The intervention was a lumbopelvic hip complex
conditioning intervention program. At the conclusion of the study, measurements for
manual muscle tests, the Tuck Jump Assessment, and the FMS were collected in order to
determine if statistically significant changes occurred.
Subjects
Nine subjects began the study but two dropped out because they transferred
schools. The subjects were NCAA Division I female tennis players (19.7 + .95 years,
range 17-21 years; 167.3 + 7.4 cm, range 152.4-174 cm; and 60.72 kg + 6.71 kg, range
49.44-70.31 kg) (see Table 1) free of lower extremity injury for the last six months.
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Table 1
Demographics of Height, Weight, and Age
Demographics

n

M

SD

Height (cm)

7

167.3

7.40

Weight (kg)

7

60.72

6.71

Age (yr)

7

19.71

0.95
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The sample method was a convenient sample consisting of members of a university’s
women’s tennis team. The team was selected because female athletes demonstrate a
higher rate of lower extremity injuries as compared to their male counterparts (Hewett,
2000). Although tennis is an upper extremity sport, the team was chosen due to the fact
that the body functions as a kinetic chain. Therefore, what happens at the lower extremity
affects the upper extremity and vice versa (McMullen & Uhl, 2000).
Instrumentation & data collection
Prior to the to the exercise intervention, subjects had baseline muscle activation
recorded, performed the Tuck Jump Assessment, and performed the FMS. In order to
measure muscle activation for each muscle, subjects performed a manual muscle test
(MMT) through maximal voluntary isometric contraction (MVIC) while muscle activity
was recorded by means of surface electromyography (sEMG). Surface electrodes
collected the sEMG data and were chosen because they are noninvasive and able to
reliably detect surface muscle activity. Prior to electrode placement, locations of the
dominant gluteus medius, gluteus maximus, rectus femoris, vastus medialis oblique,
medial hamstrings, biceps femoris, tensor fascia lata, and hip adductors were identified
by a certified athletic trainer (ATC) through palpations. The skin was cleaned with
alcohol and adhesive 3M Red-Dot (3M, St. Paul, MN) bipolar surface electrodes were
placed on the muscle bellies parallel to the direction of the underlying muscle fibers
according to method of Basmajian and Deluca (1985) with an interelectrode distance of
25mm (Hintermeister, Lange, Schultheis, Ney, & Hawkins, 1998).
Once the surface electrodes were in place, MMT were performed by an ATC on
each muscle, to provide a value of each muscle’s MVIC. Subjects underwent a screening

20
test for each muscle in which the ATC palpated the muscle and observes the active range
of motion against gravity. If the subject was able to perform the full range of motion, then
the subject was cleared to perform the MMT with resistance applied to the muscle. The
subject was instructed to move through the resisted range of motion against gravity and
was given verbal encouragement (Clarkson, 2000). Each muscle was tested for a total of
two-five seconds holds. The first and last seconds of each MVIC trial were removed from
the data in attempt to obtain steady state results for each of the muscles. The MVIC trials
were then analyzed to obtain average peak amplitudes for all muscles (Oliver, Stone, et
al., 2010). Surface EMG data was recorded via a Noraxon Myopac 1400L eight-channel
amplifier. All sEMG signals were full wave rectified and root mean squared at 100ms.
Throughout all data collection, data was sampled at a rate of 1000Hz and filtered with
standard band-pass filtering. Filter cutoffs were set at 20 and 350Hz respectively. In
addition notch filters were implemented at frequencies of 59.5 and 60.5Hz respectively.
The Tuck Jump Assessment was utilized to assess landing techniques during the
plyometric activity of jumping (Myer et al., 2008). The Tuck Jump Assessment was
performed in the athletic training room and recorded by a series of still frame
photographs. Prior to the assessment, subjects were informed of the tuck jump protocol as
follows: In the start position, stand in the athletic position with feet shoulder-width apart.
Initiate the jump with a slight crouch downward with arms extended behind the body.
Next, swing arms forward, jump straight up, and pull the knees up as high as possible.
Upon landing, immediately begin the next jump. Subjects were encouraged to land softly
and use a toe to mid-foot rocker landing. Subjects were asked to continuously tuck jump
for 10 seconds.
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Subjects were evaluated on eight characteristics (see Appendix B): 1. Lower
extremity valgus at landing; 2. Thighs do not reach parallel (peak of jump); 3. Thighs not
equal side-to-side (during flight); 4. Foot placement not shoulder width apart; 5. Foot
placement not parallel (front to back); 6. Foot contact timing not equal; 7. Excessive
landing contact noise; 8. Pause between jumps; 9. Technique declines prior to 10
seconds; 10. Does not land in same footprint (excessive in-flight motion). Characteristics
were marked if they were apparent. Deficits were tallied for a final score out of ten (Myer
et al., 2008) (see Appendix B).
The FMS was also utilized to provide another quantitative evaluation of
biomechanics. The subjects were tested on three functional movements: deep squat,
hurdle step, and in-line lunge. These three tests were chosen because they demonstrate
the highest level of interrater reliability of the seven FMS tests. Each test was performed
three times and a score ranging from three to zero, three being the best and zero being the
worst was assigned according to performance (Cook & Burton, n.d.) (see Appendix C).
The deep squat was performed by starting with feet shoulder width apart, pressing
a dowel overhead with both arms, and dropping down into a squat. A score of three was
given if the subject’s upper torso was parallel with the tibia or toward vertical, the femur
was below horizontal, the knees were aligned over the feet, and the dowel was aligned
over the feet. A score of two was given if the subject was able to perform a three-quality
squat with heels raised up on a board. A score of one was given if the tibia and upper
torso were not parallel, the femur was not below horizontal, the knees were not aligned
over the feet, and lumbar flexion was noted. A score of zero was given if the subject
experienced pain during any portion of the test (Cook & Burton, n.d.).
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The hurdle step was performed by standing with toes against the board, the dowel
resting on the shoulders, stepping over the hurdle set at the height of the tibial tuberosity,
tapping the heel on the ground, and returning to the starting position. A score of three was
given if the hips, knees, and ankles remained aligned in the sagittal plane; minimal to no
movement was noted in the lumbar spine; and the dowel and hurdle remained parallel. A
score of two was given if alignment was lost between hips, knees, and ankles; movement
was noted in the lumbar spine; and dowel and hurdle did not remain parallel. A score of
one was given if contact between the foot and hurdle occurred and if loss of balance was
noted. A score of zero was given if the subject experienced pain during any portion of the
test (Cook & Burton, n.d.).
The in-line lunge was performed in a tandem stance on the FMS board with the
back toes and front heel separated by the distance of the height of the tibial tuberosity.
The dowel was held behind the body against the head and lumbar spine. The hand
holding the dowel against the lumbar spine was on the same side as the leg in front. The
subject was instructed to drop down into a lunge, attempting to place the back knee on
the board in-line with the front heel. A score of three was given if the dowel contacts
remained with lumbar spine extension, no torso movement was noted, the dowel and feet
remained in the sagittal plane, and the knee touched the board behind the heel of the front
foot. A score of two was given if the dowel contacts did not remain with lumbar spine
extension, movement was noted in torso, the dowel and feet did not remain in the sagittal
plane, and the knee did not touch behind the heel of the front foot. A score of one was
given if there as a loss of balance. A score of zero was given if the subject experienced
pain during any portion of the test (Cook & Burton, n.d.).
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In order to account for improvements in the quality of movement on the FMS,
subjects were also graded on a modified FMS scoring sheet. The modified scoring sheet
accounts for more variability in the FMS and allows for minor improvements to be
reflected in subjects’ scores. (see Appendix D)
Treatment
Subjects were instructed to complete a lumbopelvic hip complex conditioning
program prior to any organized tennis activity with the intent of strengthening the
muscles of the lumbopelvic hip complex. The lumbopelvic hip complex conditioning
program consisted of six minutes of body weight exercises three-to-four days a week
during the course of the pre-season and competitive season. The exercises included
dynamic strengthening movements and static isometric holds of target muscle groups
including the gluteus maximus, gluteus medius, rectus abdominis, and multifidis (Oliver,
Dwelly, Sarantis, Helmer, & Bonacci, 2010). The intervention program consisted of ten
exercises which were alternated throughout the treatment days. The program was outlined
prior to the study and adhered to for the duration of the study (see Appendix A). The
lumbopelvic hip complex conditioning intervention program was directed by the team's
ATC.
Exercises included the flying squirrel, pushups, front plank, advanced front plank,
side plank, clam, hip abduction, birddog, advanced birddog, and pelvic tilt (see Appendix
A). The flying squirrel was performed prone with knees flexed, arms bent at elbows,
shoulders externally rotated and lifting extremities off the floor. Pushups began in a prone
position with weight on toes and hands. The body was pushed up into a high position and
then lowered to the ground. The front plank was performed in a modified push up
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position in which weight was placed on the forearms instead of the hands. The goal was
to keep the pelvis in neutral and not let the pelvis drop. The advanced front plank
assumed the same position as the front plank but opposite arm and leg were lifted off the
floor. The side plank was performed by lying on one side and pushing the body up onto
the forearm. This position was held with the goal of maintaining the pelvis in neutral and
not letting the pelvis drop. The clam was performed by lying on one side with knees
flexed; the top leg maintained the flexed position and foot contacts while abducting the
knee. Hip abduction was performed in a side-lying position; the top leg was straight and
abducting away from midline. The birddog began in the quadruped position then the
opposite arm and leg were lifted off the ground; the key was to fully extend the arm and
leg. The advanced birddog began with the forearms and lower legs on the floor with
elbows and knees touching. Next, one leg was extended while maintaining the start
position. Pelvic tilts were performed supine with one foot on the ground and one knee
flexed to chest (subjects were instructed to squeeze a tennis ball between the thigh and
trunk in order to maintain this position). Then the pelvis was lifted off the floor by
pushing with the leg on the floor.
Treatment of data
Statistical analyses were performed using SPSS 15.0 (Chicago, IL, USA). Surface
EMG data recorded from each of the selected muscles were normalized and expressed as
a percent of the MVIC. Paired sample t-tests were used to evaluate the differences
between muscle activation, Tuck Jump scores, FMS scores, and modified FMS scores
before and after the lumbopelvic hip complex conditioning program. Alpha was set a
priori < 0.05. In an effort to control for type 1 error due to multiple analyses, the alpha
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level was adjusted to < 0.006 for the muscle activation and < 0.025 for the Tuck Jump
and FMS scores using Bonferroni correction (Oliver, Stone, et al., 2010).
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Chapter 4: Analysis of data
Female athletes have a four-to-six times greater risk of sustaining a lower
extremity injury than their male counterparts (Hewett, 2000). One explanation for the
discrepancy in injury rates is increased dynamic knee valgus angles caused by
neuromuscular imbalances. It has been suggested that female athletes have decreased
activation of the lumbopelvic hip complex, a muscle group which is necessary to control
the forces transmitted through the body in order to maximize efficiency of all upper and
lower body movements (Kibler et al., 2006). Fortunately, dynamic knee valgus can be
improved with neuromuscular training, which focuses on activation of the lumbopelvic
hip complex. (Myer et al., 2010; Chappel & Limpisvasti, 2008). Therefore, the purpose
of this study was to determine if implementing a lumbopelvic hip complex conditioning
program improved neuromuscular deficiencies as measured by sEMG, Tuck Jump
Assessment, and FMS.
Nine subjects began the study but two dropped out because they transferred
schools. The seven subjects who completed the study were female collegiate tennis
players and competitive at the NCAA Division I level (19.7 + .95 years, range 17-21
years; 167.3 + 7.4 cm, range 152.4-174 cm; and 60.72 kg + 6.71 kg, range 49.44-70.31
kg) (see Table 1). Pre and post-intervention muscle activation was collected on each
subject’s dominant gluteus medius, gluteus maximus, rectus femoris, vastus medialis
oblique, medial hamstrings, biceps femoris, tensor fascia lata, and hip adductors. Pre and
post-intervention Tuck Jump and FMS scores were also collected.
Statistical analyses were performed using SPSS 15.0 (Chicago, IL, USA). All
variables met the assumption of normal distribution for parametric statistics. Paired
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sample t-tests were used to evaluate the differences between Tuck Jump scores, FMS
scores, modified FMS scores, and muscle activation before and after the lumbopelvic hip
complex conditioning program (see Table 2, 3, and 4). Alpha was set a priori < 0.05. In
an effort to control for type 1 error due to multiple analyses, the alpha level was adjusted
to < 0.006 for the muscle activation and < 0.025 for the Tuck Jump and FMS scores using
Bonferroni correction (Oliver, Stone, et al., 2010).
As seen in Table 2, the paired sample t-test revealed there was a significant
improvement in Tuck Jump scores following the lumbopelvic hip complex conditioning
program (p= .004); however, there was not a significant improvement in FMS scores.
Table 3 shows there was not significant improvement in the quality of movement in the
FMS as measured by the modified FMS scoring sheet (p=.062). In Table 4, the paired
sample t-test revealed the hip adductors exhibited less activation after the lumbopelvic
hip complex conditioning program (p= .004).
Hypothesis 1 stated there would be improvement in Tuck Jump Assessment
scores, as measured by decreases in scores, after the lumbopelvic hip complex
conditioning intervention program. Tuck Jump scores improved significantly (p= .004);
therefore, Hypothesis 1 is accepted. Hypothesis 2 stated there would be improvement in
FMS scores, as measured by increases in scores, after the lumbopelvic hip complex
conditioning intervention program. FMS scores did not improve significantly; therefore,
Hypothesis 2 is rejected. Hypothesis 3 stated there would be improvement in the quality
of movement during on the FMS, as measured by increases in scores on the modified
FMS scoring sheet, after the lumbopelvic hip complex conditioning intervention
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Table 2
Paired Sample t-test of Tuck Jump Assessment and FMS Scores
Pre
Post
Mean
n
SD
Mean
n
SD
Tuck Jump
8.71
7
1.50
6.71
7
1.11
FMS

6.57

7

.79

7.29

7

Sig (2-tailed)
.004*

1.11

.094

* p< .025

Table 3
Paired Sample t-test of Modified FMS Scores
Pre
Post
Mean
n
SD
Mean
n
Modified
17.00
7
2.58
20.00
7
FMS

Sig (2-tailed)
SD
5.69

.062

* p< .05

Table 4
Paired Sample t-test of Muscle Activation Reported as %MVIC
Pre
Post
Muscle
M (SD)
M (SD)
Gluteus Medius
14.77
(8.91)
13.37 (8.56)
Gluteus Maximus
12.54 (4.71)
14.24 (4.44)
Biceps Femoris
26.47 (6.08)
23.84 (2.51)
Semitendinosis
28.56 (2.32)
24.44 (2.27)
VMO
20.03 (2.87)
20.69 (14.33)
Rectus Femoris
18.57 (6.33)
24.57 (4.58)
Adductor
9.48 (7.87)
25.17 (3.76)
TFL
22.67 (4.58)
20.18 (12.00)
* p< .0065

Sig (2-tailed)
.762
.556
.397
.014
.910
.029
.004*
.650
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program. Scores did not improved significantly (p= .062); therefore, Hypothesis 3 is
rejected. Hypothesis 4 stated there would be an increase in muscle activation at the end of
the lumbopelvic hip complex conditioning intervention program as measured by sEMG
of manual muscle testing. Since no muscle groups improved significantly, Hypothesis 4
is rejected.
In conclusion, none of the muscle groups demonstrated a statistically significant
improvement in activation following the lumbopelvic hip complex conditioning program.
In addition, the FMS scores did not improve significantly according to the original
scoring sheet nor the modified FMS scoring sheet. However, Tuck Jump Assessment
scores significantly improved. Therefore, Hypotheses 2, 3, and 4 were rejected while
Hypotheses 1 was retained.
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Chapter 5: Summary and Conclusions
Female athletes have a four-to-six times greater risk of sustaining a lower
extremity injury than their male counterparts (Hewett, 2000). One explanation for the
discrepancy in injury rates is increased dynamic knee valgus angles caused by
neuromuscular imbalances. It has been suggested that female athletes have decreased
activation of the lumbopelvic hip complex, a muscle group that is necessary to control the
forces transmitted through the body in order to maximize efficiency of all upper and
lower body movements (Kibler et al., 2006). Fortunately, dynamic knee valgus can be
improved with neuromuscular training that focuses on activation of the lumbopelvic hip
complex. (Myer et al., 2010; Chappel & Limpisvasti, 2008). Therefore, the purpose of
this study was to determine if implementing a lumbopelvic hip complex conditioning
program improved neuromuscular deficiencies.
Nine female collegiate tennis players competitive at the NCAA Division I level
began the study, but two dropped out because they transferred schools (19.7 + .95 years,
range 17-21 years; 167.3 + 7.4 cm, range 152.4-174 cm; and 60.72 kg + 6.71 kg, range
49.44-70.31 kg) (see Table 1). The subjects participated in a 16 week lumbopelvic hip
complex conditioning program, interrupted by a two month break, with the goal of
increasing muscle activation of the lumbopelvic hip complex and decreasing dynamic
knee valgus. Data were collected prior to the intervention and at the conclusion of the
study under the supervision of the team’s ATC. Muscle activation was evaluated by
performing a MMT through MVIC. Surface EMG data were recorded via a Noraxon
Myopac 1400L eight-channel amplifier and analyzed to obtain average peak amplitudes
(Oliver, Dwelly, et al., 2010). Dynamic knee valgus was evaluated by the Tuck Jump
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Assessment and Functional Movement Screen (FMS). The Tuck Jump Assessment was
performed in the athletic training room, recorded by a series of still frame photographs,
and evaluated according to the Tuck Jump Assessment scoring sheet. The FMS was
performed in the athletic training room and scored according to the FMS scoring sheet.
Statistical analyses were performed using SPSS 15.0 (Chicago, IL, USA). Surface
EMG data recorded from each of the selected muscles were normalized and expressed as
a percent of the MVIC. Paired sample t-tests were used to evaluate the differences
between muscle activation, Tuck Jump scores, FMS scores, and modified FMS scores
before and after the lumbopelvic hip complex conditioning program. Alpha was set a
priori < 0.05. In an effort to control for type 1 error due to multiple analyses, the alpha
level was adjusted to < 0.006 for the muscle activation and < 0.025 for the Tuck Jump
and FMS scores using Bonferroni correction (Oliver, Stone, et al., 2010).
Discussion
The purpose of this study was to determine if a lumbopelvic hip complex
conditioning program had a positive effect on dynamic knee movement as measured by
the Tuck Jump Assessment, FMS, and sEMG. Statistically significant improvements
were seen in the Tuck Jump Assessment (p= .004). Functional Movement Screen scores
did not improve statistically, but clinically significant improvements were observed. As
with FMS scores, muscle activation levels did not improve significantly following the
lumbopelvic hip complex conditioning program.
dynamic knee valgus and Tuck Jump Assessment.
Hypothesis 1 stated there would be improvements in Tuck Jump Assessments, as
measured by decreases in scores, after the lumbopelvic hip complex conditioning
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intervention program. As predicted, Tuck Jump Assessment scores did improve
significantly after the lumbopelvic hip complex conditioning program. All subjects
improved their score, which is noteworthy considering there were only ten points total
available for the assessment. All subjects improved by eliminated the pauses between
jumps. Additional improvements were noticed in the areas of thighs reaching parallel at
the peak of the jump, thighs parallel during flight, jumping and landing in a wider stance,
foot placement parallel during landing (front-to-back), and equal foot contact and take off
during jumps. One subject noticeably improved her dynamic knee valgus upon landing
and take-off and another subject improved by decreasing the amount of femoral internal
rotation prior to landing. These findings are similar to Hewett et al. (1999) who showed
technique and neuromuscular training could correct jumping and landing techniques.
Jumping techniques improved by keeping thighs parallel during flight and thighs
reaching parallel at the peak of the jump. In order for thighs to reach parallel at the peak
of a jump, a person must have the lumbopelvic stability to maintain an erect position and
allow for enough force to be generated bringing the thighs to parallel. The fact that two
subjects improved in having thighs parallel during flight and four subjects improved in
bringing their thighs to parallel at the peak of the flight suggests they increased their
dynamic lumbopelvic hip complex activation. Since proximal stability allows for more
efficient movements distally (McMullen & Uhl, 2000), it would seem the subjects who
improved in lumbopelvic hip activation would also improve in landing techniques.
Landing techniques improved in the areas of landing in a shoulder width stance,
parallel foot placement front-to-back during landing, and equal foot contact. This means
subjects were able to control the forces of landing better by evenly distributing their
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weight upon contact. This is paramount because in the pretest, the subjects were
contacting the ground unevenly and placing undue stress on the limb that came in contact
with the ground first. This over-reliance on one limb can be detrimental in that it places
greater stress on that knee. It also suggests that the weaker limb is unable to absorb the
forces associated with landing (Ford et al., 2003). For this reason, it is considerable that
improvements were noted in subjects whose sport typically favors one limb over the
other.
Interestingly, one subject improved in the amount of femoral internal rotation she
displayed before landing. In the pre-test the subject exhibited a considerable amount of
internal rotation just prior to landing. In the post test she decreased the amount of internal
rotation significantly. This is an important observation because internal rotation can
impair the amount of torque the gluteus maximus can produce and decrease the amount
of force the gluteus medius can produce (Ward, Winters, & Blemker, 2010). So whether
this improvement was a result of the lumbopelvic hip complex conditioning program or
not, the subject demonstrated beneficial improvements that could contribute to improved
performance (Myer et al., 2008).
On a separate note, subjects did not train for the Tuck Jump Assessment; they
were only exposed to the assessment twice. Therefore, improvements could have been the
result of adopting new muscle recruitment patterns that helped subjects deal with the
stresses of landing. One would believe such recruitment patters would involve activation
of the lumbopelvic hip complex. This idea is supported by Hewett et al. (2005) who
suggested athletes can learn new movement patterns and “preprogram” them in order to
execute safer and more efficient movement patterns. Preprogramming of such movement
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patterns may be beneficial in decreasing injury risk (Hewett et al., 2005). Hence, the
lumbopelvic hip complex conditioning program could have had a positive effect on
muscle recruitment patterns and may have decreased the injury rate in the sample
population.
In conclusion, the fact that all subjects were able to improve their Tuck Jump
Assessment scores is both statistically and clinically significant. While not many subjects
improved on the element of dynamic knee valgus, many subjects corrected asymmetries
during the take-off, flight, and landing phases of the jumps. Such improvements could be
the result of correcting neuromuscular deficits that may be indicative of increased
dynamic knee joint control (Ford et al., 2003). Therefore, because statistical significance
was shown between the pre-test and post-test Tuck Jump Assessment scores, Hypothesis
1 is accepted.
dynamic knee valgus and Functional Movement Screen.
Hypothesis 2 stated there would be improvements in FMS scores, as measured by
increases in scores after the lumbopelvic hip complex conditioning intervention program.
There was not a significant improvement in FMS scores as graded by the original scoring
sheet; however, subjects did demonstrate clinically significant improvements on the
modified FMS scoring sheet which accounted for improvements in the quality of
movement. Three of the seven subjects improved their raw score and six of the seven
subjects improved their quality of movement as measured by the modified FMS scoring
sheet. Being that there were only three movements with three points available for each
movement, it is noteworthy that three out of seven subjects improved their score.
Furthermore, due to the low number of points available for each movement, the raw
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scores did not reflect slight improvements that subjects made on the FMS. Therefore the
movements of the FMS were evaluated on a modified scale to determine if improvements
occurred that were not reflected in the presentation of data.
Hypothesis 3 stated there would be improvement in the quality of movement
during on the FMS, as measured by increases in scores on the modified FMS scoring
sheet, after the lumbopelvic hip complex conditioning intervention program. While there
failed to be statistically significant improvements in modified FMS scores, seven subjects
improved their quality of movement in one or more of the three movements. This is
clinically significant because performance on certain FMS movements (hurdle step over
and in-line lunge) has been shown to positively correlate with achievement on certain
performance based activities (backward overhead medicine ball throw and T-run). The
backward overhead medicine ball throw was described as a total body exercise and the Trun as a speed and agility test (Okada, Huxel, & Nesser, 2011). Therefore, the individual
improvements observed in this study on the FMS could translate into better performance
on the tennis court despite the lack of statistical significance. While clinical relevance is
important on an individual basis, it fails to be supported by statistics, Therefore, because
FMS scores did not demonstrate statistical significance on the original or modified FMS
scoring sheet, Hypothesis 2 and 3 are rejected.
dynamic knee valgus and muscle activation.
Hypothesis 4 stated there would be an increase in muscle activation at the end of
the lumbopelvic hip complex conditioning intervention program as measured by sEMG
of manual muscle testing. However, none of the muscle groups demonstrated a
significant increase in activation. The exercises used in the lumbopelvic hip complex
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conditioning program have been shown to engage lumbopelvic musculature and the
program lasted 16 weeks (Oliver, Stone, et al., 2010). Therefore, the lack of significant
improvement in sEMG data is odd. The low sample population could explain the lack of
significance. Also, only two (gluteus maximus and gluteus medius) of the many muscles
that make up the lumbopelvic hip complex were tested. While they are two prime
stabilizers of the hip, other musculature of the lumbopelvic hip complex could have
improved in muscle activation, which may have accounted for the improvements in the
Tuck Jump Assessment and FMS scores. Moreover, muscle activation was measured by
manual muscle testing that occurred in a static position and isolated one muscle at a time;
whereas the Tuck Jump Assessment required co-contractions of multiple muscles to
provide stability and mobility to execute the jumps. In other words, the tuck jump mimics
movements required for sport more closely than manual muscle testing. Thus, if one had
to choose, improvement in the Tuck Jump Assessment is more desirable than manual
muscle testing because it is more functional and translates into athletic movement.
However, because there were no statistical improvements in muscle activation levels,
Hypothesis 4 is rejected.
Conclusion
Based upon the findings and within the limitations of this study, the lumbopelvic
hip complex conditioning program was shown to significantly improve Tuck Jump
Assessment scores. Subjects did not train for the Tuck Jump Assessment; therefore it
appears the conditioning program assisted in correcting neuromuscular deficits, which
may indicate increased dynamic control of the knee (Ford et al., 2003). Such
improvements in neuromuscular control are beneficial for both biomechanics of athletic
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movements and injury prevention. The short duration and lack of equipment required for
the program makes it a good tool that can be implemented with the goal of improving
neuromuscular control of the tuck jump.
Because improvements were noted in Tuck Jump Assessment scores, the study
provides ground work for future studies to evaluate the effect of a lumbopelvic hip
complex conditioning program on dynamic knee valgus and other functional assessments.
While dynamic knee valgus did not improve as expected, results may have differed if a
larger, more diverse sample population was utilized and if there was stricter adherence to
the conditioning program. Furthermore, it would have been beneficial to eliminate
extraneous variables such as participating in additional strengthening programs and
fluctuations in activity level. As a result, further studies are needed to determine if the
lumbopelvic hip complex conditioning program had any effect on dynamic knee valgus.
Areas for future research include evaluating the effect of a lumbopelvic hip
complex conditioning program on the Q angle, hip internal and external rotation, and
muscle recruitment patterns. Because improvements were noted in Tuck Jump
Assessment scores, noteworthy findings may result if muscle activation was to be
recorded during the Tuck Jump Assessment.
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Appendix A: Lumbopelvic hip complex exercises
Day A
Exercise
Flying Squirrel
Front Planks
Side Planks
Clams
Hip Abduction

Duration
2x30 sec
2x30 sec
30 sec each side
30 sec each side
30 sec each side

Day B
Exercise
Birddog
Advanced Birddog
Pelvic Tilts
Push Ups
Supermans

Duration
30 sec each side
30 sec each side
2x30 sec
2x30 sec
30 sec each side

Day C
Exercise
Flying Squirrel
Birddog
Side Planks
Pelvic Tilts
Hip Abduction

Duration
2x30 sec
30 sec each side
30 sec each side
30 sec each side
30 sec each side

Day D
Exercise
Front Planks
Clams
Superman
Advanced Birddog
Push Ups

Duration
2x30 sec
30 sec each side
30 sec each side
30 sec each side
2x30 sec

Day E
Exercise
Front Plank
Birddog
Superman
Pelvic Tilts
Push Ups

Duration
2x30 sec
30 sec each side
30 sec each side
30 sec each side
2x30 sec
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Figure A1. Flying squirrel

Figure A2. Front plank

Figure A3. Side plank
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Figure A4. Clam (no band)

Figure A5. Hip abduction

Figure A6. Birddog

45

Figure A7. Advanced birddog

Figure A8. Pelvic tilt

Figure A9. Push-ups
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Figure A10. Superman
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Appendix B: Tuck Jump Assessment Scoring Sheet
Tuck Jump Assessment

Pre Mid Post

Comments

Knee and Thigh Motion
1 Lower extremity valgus at landing
2 Thighs do not reach parallel (peak of jump)
3 Thighs not equal side-to-side (during flight)
Foot Position During Landing
4 Foot placement not shoulder width apart
5 Foot placement not parallel (front to back)
6 Foot contact timing not equal
7 excessive landing contact noise
Plyometric Technique
8 Pause between jumps
9 Technique declines prior to 10 seconds
10 Does not land in same footprint (excessive inflight motion)
Total
Figure B1. Tuck jump Assessment scoring sheet. Adapted from “Tuck Jump Assessment
for Reducing Anterior Cruciate Ligament injury Risk” by G. D. Myer, K. R. Ford, & T.
E. Hewett, 2008, Athletic Therapy Today, 13(5), p. 44.
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Appendix C: Functional Movement Screen

NAME:_______________________________________
AGE________

HEIGHT________

MALE/FEMALE

Test

Raw SC

WEIGHT________

LEG DOMINANCE: RIGHT/LEFT

Final

Comments

Deep Squat
Hurdle St. L
Hurdle St. R
In-Line Lun. L
In-Line Lun. R
Total

Figure C1. Functional Movement Screen scoring sheet. Adapted from “The functional
movement screen and exercise progressions manual” by G. Cook, L. Burton, & K. Fields,
(n.d.). p. 80.

49
Table C1
FMS Scoring Criteria

0
-Pain with
any portion
of the test

1
-Tibia and upper torso
are not parallel
-Femur is not below
horizontal
-Knees are not aligned
over feet
-Lumbar flexion is
noted

0
-Pain with
any portion
of the test

1
-Contact between foot
and hurdle
-Loss of balance is
noted

0
-Pain with
any portion
of the test

1
-Loss of balance is
noted

Deep Squat
2
-Upper torso is parallel
with tibia or toward
vertical
-Femur is below
horizontal
-Knees are aligned over
feet
-Dowel is aligned over
feet

Hurdle Step
2
-Alignment is lost
between hips, knees,
and ankles
-Movement is noted in
lumbar spine
-Dowel and hurdle do
not remain parallel

In-Line Lunge
2
-Dowel contacts do not
remain with L-spine
extension
-Movement is noted in
torso
-Dowel and feet do not
remain in sagittal plane
-Knee does not touch
behind heel of front
foot

3
-Upper torso is parallel
with tibia or toward
vertical
-Femur is below
horizontal
-Knees are aligned over
feet
-Dowel is aligned over
feet

3
-Hips, knees, and
ankles remain aligned
in the sagittal plane
-Minimal to no
movement is noted in
lumbar spine
-Dowel and hurdle
remain parallel

3
-Dowel contacts
remain with L-spine
extension
-No torso movement
is noted
-Dowel and feet
remain in sagittal
plane
-Knee touches board
behind heel of front
foot

Adapted from “The functional movement screen and exercise progressions manual” by
G. Cook, L. Burton, & K. Fields, (n.d.). p. 80.
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Appendix D: Modified Functional Movement Screen

NAME:_______________________________________
AGE________

HEIGHT________

MALE/FEMALE

Test

Raw SC

WEIGHT________

LEG DOMINANCE: RIGHT/LEFT

Final

Comments

Deep Squat
Hurdle St. L
Hurdle St. R
In-Line Lun. L
In-Line Lun. R
Total

Figure D1. Modified Functional Movement Screen scoring sheet. Modified from “The
functional movement screen and exercise progressions manual” by G. Cook, L. Burton,
& K. Fields, (n.d.). p. 80.
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Table D1
Modified FMS Scoring Criteria

0
-Pain with
any portion
of the test

1-3
-Heels on board
-Tibia and upper torso
are not parallel
-Femur is not below
horizontal
-Knees are not aligned
over feet
-Lumbar flexion is
noted

Deep Squat
4-6
-Heels on board
-Upper torso is parallel
with tibia or toward
vertical
-Femur is below
horizontal
-Knees are aligned over
feet
-Dowel is aligned over
feet

0: Pain

1: 5 qualities
2: 3-4 qualities
3: < 2 qualities

4: < 2 qualities
5: 3-4 qualities
6: 5 qualities

0
-Pain with
any portion
of the test

1-3
-Contact between foot
and hurdle
-Loss of balance is
noted
-severe internal/
external rotation of hip

0: Pain

1: 3 qualities
2: 2 qualities
3: 1 quality

Hurdle Step
4-6
-Alignment is lost
between hips, knees,
and ankles
-Mild-moderate
internal/external
rotation of hip
-Severe internal/
external rotation of hip
-Movement is noted in
lumbar spine
-Dowel and hurdle do
not remain parallel
4: 5 qualities
5: 3-4 qualities
6: < 2 qualities

7-9
-Upper torso is parallel
with tibia or toward
vertical
-Femur is below
horizontal
-Knees are aligned over
feet
-Dowel is aligned over
feet

7: < 2 qualities
8: 3 qualities
9: 4 qualities

7-9
-Hips, knees, and
ankles remain aligned
in the sagittal plane
-No internal rotation
of hip
-Minimal to no
movement is noted in
lumbar spine
-Dowel and hurdle
remain parallel

7: < 2 qualities
8: 3 qualities
9: 4 qualities
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0
-Pain with
any portion
of the test

0: Pain

In-Line Lunge
1-3
4-6
-Loss of balance is
-Dowel contacts do not
noted
remain with L-spine
-Feet cannot remain in extension
sagittal plane
-Movement is noted in
-Feet cannot remain
torso
on the board
-Dowel and feet do not
remain in sagittal plane
-Knee does not touch
behind heel of front
foot

1: 3 qualities
2: 2 qualities
3: 1 quality

4: 4 qualities
5: 2-3 qualities
6: 1 quality

7-9
-Dowel contacts
remain with L-spine
extension
-No torso movement
is noted
-Dowel and feet
remain in sagittal
plane
-Knee touches board
behind heel of front
foot
7: < 2 qualities
8: 3 qualities
9: 4 qualities

Modified from “The functional movement screen and exercise progressions manual” by
G. Cook, L. Burton, & K. Fields, (n.d.). p. 80.

53
Appendix E: Data Sets
Table E1
Tuck Jump Scores
Subject

Pre-Intervention
Score

Post-Intervention
Score

1
2
3
4
5
6
7

10
8
9
6
10
8
10

6
6
8
5
7
7
8

Table E2
Functional Movement Screen Scores

Subject

Squat

1
2
3
4
5
6
7

2
3
2
2
2
2
2

Pre-Intervention
Scores
Hurdle
InStep
Line
Lunge
2
2
3
2
2
3
2
3
2
2
2
2
2
2

Total

6
8
7
7
6
6
6

Post-Intervention
Score
Squat Hurdle
InTotal
Step
Line
Lunge
3
2
3
8
3
3
3
9
2
2
3
7
2
2
3
7
3
2
3
8
2
2
2
6
2
2
2
6

54
Table E3
Modified Functional Movement Screen Scores

Subject

Squat

1
2
3
4
5
6
7

5
8
5
5
5
5
5

Pre-Intervention
Scores
Hurdle
InStep
Line
Lunge
5
5
8
6
4
8
5
8
6
6
5
6
4
5

Total

15
22
17
18
17
16
14

Post-Intervention
Score
Squat Hurdle
InTotal
Step
Line
Lunge
8
6
3
17
8
8
8
32
6
4
8
18
6
5
8
19
8
6
8
22
5
5
6
16
5
5
6
16

Table E4
Pre and Post intervention % MVIC
Sub. 1
Sub. 2
Pre
Post
Pre
Post
Glute Med
6.56
6.61
18.40
8.49

Sub. 3
Pre
Post
4.48
28.60

Sub. 4
Pre
Post
27.00
4.48

Sub. 5
Pre
Post
20.40
5.06

Sub. 6
Pre
Post
9.73
6.62

Sub. 7
Pre
Post
7.02
23.80

Glute Max

19.10

16.30

16.10

13.40

16.10

19.10

14.80

12.00

17.10

11.20

10.10

12.40

6.37

13.60

Biceps
Fem
Semitend

18.80

29.40

23.30

25.30

25.00

10.70

26.30

34.20

23.00

15.20

25.10

32.00

25.40

22.20

21.00

26.60

22.40

23.80

25.10

28.20

27.30

29.60

24.30

15.30

24.10

33.10

26.90

26.40

VMO

20.50

17.50

8.88

18.00

41.50

35.70

4.45

9.41

15.80

29.80

39.00

10.00

14.70

38.80

Rectus
Fem
Add

26.70

11.10

23.40

19.00

21.80

22.10

17.60

10.40

27.20

18.30

23.30

11.90

32.00

27.70

20.8

24.50

21.40

13.20

31.10

11.80

24.90

12.00

25.70

5.82

28.80

15.90

23.50

8.41

TFL

2.93

22.50

36.30

14.50

10.50

19.20

30.40

32.50

11.90

3.43

23.90

3.56

25.30

13.60

55

56

Table E5
Paired Sample T-Test of Tuck Jump Assessment and FMS Scores
95%
Confidence
interval of the
Difference
M
SD
Std.
Lower Upper t
Error
Mean
Pre-Post
2.00
1.16 .44
.93
3.07
4.58
Tuck Jump
Pre-Post
FMS

-.71

.95

.36

df

Sig. (2tailed)

6

.004

.17

6

.094

95%
Confidence
interval of the
Difference
Lower Upper

t

df

Sig. (2tailed)

-6.20

-2.29 6

-1.59

.17

* P<.05

Table E6
Paired Sample T-Test Modified FMS Scores

M

Pre-Post
-3.00
modified FMS
scores
* P<.05

SD

3.46

Std.
Error
Mean
1.31

.20

.062

57
Table E7
Paired Sample T-Test of Muscle Activation Reported as %MVIC
95% Confidence
interval of the
Difference
M
SD
Std.
Lower
Upper t
Error
Mean
Pre-Post
-1.40
11.63
4.40
-12.15
9.36
-.32
Glute Med

df

Sig. (2tailed)

6

.762

Pre-Post
Glute Max

1.70

7.20

2.72

-4.96

8.36

.62

6

.556

Pre-Post
Biceps Fem

-2.63

7.62

2.88

-9.68

4.42

-.91

6

.397

Pre-Post
Semitend

-4.11

3.19

1.21

-7.07

-1.16

-3.41

6

.014

Pre-Post
VMO

.66

14.77

5.58

-13.00

14.32

.12

6

.910

Pre-Post
Rectus Fem

6.00

5.59

2.11

.83

11.17

2.84

6

.029

Pre-Post
Adductor

15.69

9.23

3.49

7.16

24.23

4.50

6

.004

Pre-Post
TFL

-2.50

13.82

5.22

-15.28

10.28

-.48

6

.650

* P<.05
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Appendix F: IRB and Informed Consent
October 6, 2010
MEMORANDUM
TO:

Katie Roling
Gretchen Oliver

FROM:

Ro Windwalker
IRB Coordinator

RE:

New Protocol Approval

IRB Protocol #:

10-09-110

Protocol Title:

The Effects of Core Stability Program on Quadriceps
Angle

Review Type:

EXEMPT

EXPEDITED

FULL IRB

Approved Project Period: Start Date:10/06/2010 Expiration Date: 10/05/2011

Your protocol has been approved by the IRB. Protocols are approved for a
maximum period of one year. If you wish to continue the project past the approved
project period (see above), you must submit a request, using the form Continuing
Review for IRB Approved Projects, prior to the expiration date. This form is available
from the IRB Coordinator or on the Compliance website
(http://www.uark.edu/admin/rsspinfo/compliance/index.html). As a courtesy, you will
be sent a reminder two months in advance of that date. However, failure to receive a
reminder does not negate your obligation to make the request in sufficient time for
review and approval. Federal regulations prohibit retroactive approval of
continuation. Failure to receive approval to continue the project prior to the expiration
date will result in Termination of the protocol approval. The IRB Coordinator can
give you guidance on submission times.
If you wish to make any modifications in the approved protocol, you must seek
approval prior to implementing those changes. All modifications should be
requested in writing (email is acceptable) and must provide sufficient detail to assess
the impact of the change.
If you have questions or need any assistance from the IRB, please contact me at 120
Ozark Hall, 5-2208, or irb@uark.edu
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UNIVERSITY OF ARKANSAS
CONSENT TO PARTICIPATE IN RESEARCH
Title: The Effects of the Indo Board on Balance and Injury Prevention in Women Athletes.
Investigators:
Gretchen D. Oliver, PhD, ATC, LAT
Clinical Coordinator of Graduate Athletic
Training Education Program
Department HKRD
326B HPER
goliver@uark.edu
479.575.4670
Katie Roling, ATC
Graduate Assistant Athletic Trainer
326B HPER
xxxxxxx@uark.edu
xxx.xxx.xxxx

Administrative Contact Person:
Rosemary Ruff, Director
Research & sponsored Programs
Research Compliance
University of Arkansas
120 Ozark Hall
Fayetteville, AR 72701-1201
479.575.3845
rruff@uark.edu

Explanation and Purpose of the Research
You are being asked to participate in a research study for Katie Roling and Dr Oliver. The purpose of the
research will be to implement a core stability exercise regimen into your daily workout in attempt to see a
decrease in your quadriceps angle as well as a decrease in injury.
Research Procedures
You must also be deemed free of injury for the last 6 months.
You will be required to dress in only a tee-shirt, a pair of shorts, socks, and tennis/turf shoes during testing.
You will have basic range of motion measures that will require you to sit with your legs hanging off the
table and you will cross your leg across your body while two measurements are taken.
You will also perform a tuck jump assessment. Where you jump and raise your knees as high as possible
for several jumps. You will be asked to perform as many tuck jumps as you can in 10 seconds.
EMG activity will be recorded through bipolar surface electrodes will be placed over the following muscles
on your dominant side: gluteus maximus, gluteus medius, quadriceps and hamstrings. Surface electrodes
will be chosen because they are noninvasive and are able to reliably detect surface muscle activity. Prior to
electrode placement your skin will be cleaned with alcohol. Skin must be cleaned in order to decrease any
type of interference that could occur from dirt, sweat, or hair. Adhesive electrodes will be placed over the
muscle bellies and parallel to the direction of the underlying muscle fibers. Each set of bipolar electrodes
from each of the 8 muscle sites will be connected to a Noraxon 8 channel amplifier/encoder/fiber optic
transmitter. To assure proper electrode placement, manual muscle tests will be preformed through
maximum contractions.

Potential Risks
Potential risks related to your participation in the study are no more than what you would encounter during
the course of your regular practice warm-up.
Confidentiality
Confidentiality will be protected to the extent that is allowed by law. A code number will be given to all of
your data information. Only the investigators will have access to the data. All data will be stored in a
locked filing cabinet in the investigator’s office. The data will be erased and destroyed within fifteen years.
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It is anticipated that the results of this study will be published; however, no name or other identifying
information will be included in any publication.
The researcher will try to prevent any problem that could happen because of this research. If at any time
there is a problem you should let the researcher know and she will help you. However, the University of
Arkansas does not provide medical services of financial assistance for injuries that might happen because
you are taking part in this research.
Participation and Benefits
Your involvement in this research study is completely voluntary, and you may discontinue your
participation in the study at any time without penalty.
Questions Regarding the Study
If you have any questions about the research study you may ask the researcher; the phone number is at the
top of this form. If you have any questions about your rights as a participant in this research or the way this
study has been conducted, you may contact the University of Arkansas Office of Research and Sponsored
Programs at 479.575.3845 or via e-mail at rsspinfo@uark.edu. You will be given a copy of this signed and
dated consent form to keep.

_________________________________________________
Signature of Participant

________________
Date

The above consent form was read, discussed, and signed in my presence. In my opinion, the person signing
said consent form did so freely and with full knowledge of its contents.
_______________________________________________
Signature of Investigator

_________________
Date

